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SECTION I 
DEMOGRAPHY OF RODENTS WITH ADDED FOOD 
INTRODUCTION 
Several hypotheses have been formulated to explain the regulation 
of animal populations. Chitty {1960) believed that all animal species 
are capable of regulating their own densities without destroying the 
renewable resources of their environment or requiring predation or 
abiotic factors to regulate the populations. Christian (1971) 
suggested that cyclic populations of small rodents are self-regulated 
by effects of hormonal imbalances in response to stress at high den-
sities. Lack {1954) considered food shortage to be the primary fac-
tor limiting most vertebrate populations. 
Interest in food resource availability as a population regulating 
mechanism has increased in recent years. Pitelka (1964) attributed 
changes in microtine numbers to fluctuations in forage quality or 
quantity. Flowerdew and Gardner (1978) showed an increase in numbers 
of Clethrionomys glareolus in response to an increased ash seed crop. 
Density fluctuations of ~· glareolus and Microtus agrestis were shown 
to be correlated with peaks in natural food availability {Hansson, 
1979). 
If food availability is indeed a limiting factor, then population 
densities should increase when food is experimentally augmented. 
Bendell (1959), in the earliest attempt of food supplementation with 
cricetine rodents, established a population of Peromyscus leucopus 
novaboracensis on an island previously uninhabited by this species. 
2 
Vegetation on this island was sparse compared to a control island 
already maintaining a P. leucopus population. With added food, the 
introduced population increased in density with enhanced individual 
growth rates and juvenile survival. 
Since Bendell's study, over 36 similar studies have been con-
ducted on 11 genera and 18 species of small mammals. The results from 
these studies have provided evidence both for and against the food 
limitation hypothesis. Krebs and Delong (1965) increased winter 
numbers of a low-density M. californicus population with added food 
relative to a control grid, but failed to prevent a severe early 
summer decline. Hansen and Batzli (1978) increased densities, male 
body weight, juvenile survival, and growth in a ~- leucopus population 
with added food. In another study, supplementary food failed to in-
crease densities of P. leucopus (Hansen and Batzli, 1979). Abramsky 
(1978) witnessed no increase in densities or weights of P. maniculatus 
and several other species when alfalfa and oats were provided, 
although rodent species diversity increased. Gilbert and Krebs (1981) 
worked with low-density populations of P. maniculatus and C. rutilus. 
They reported a two-fold increase in numbers with the addition of 
sunflower seeds; in contrast, oats, as a supplemental food, had no 
effect. 
My work was intended to repeat an earlier study (Stout, 1976) 
in sand pine scrub, a habitat hypothesized to be food limited for 
small rodents. Results of that study suggested that modest increases 
in small rodent abundance occur in food supplemented populations, 
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non-target organisms (e.g., birds and larger mammals) may compete with 
the small mammals for the supplementary food, and the relative con-
tribution of natural foods in the diets of the small mammals should 
be ascertained vis-a-vis the added food. In an effort to confirm 
the earlier results and consider these other factors, this restudy 
was initiated. 
The objective of my study was to determine if food limitation 
regulated populations of small rodents. To accomplish this, I 
attempted to carry out food supplementation with an energy-rich food, 
reduce or eliminate access to the supplementary food by non-target 
organisms, and document the demographic response of small mammals . 
4 
METHODS 
Study Area and Trapping Techniques 
Populations of four species of small rodents, Peromyscus 
gossypinus (cotton mouse), Ochrotomys nuttalli (golden mouse), P. 
floridanus (Florida mouse), and Glaucomys volans (flying squirrel), 
were studied for 25 months on two 0.52 ha grids in sand pine scrub 
on the campus of the University of Central Florida about 17 km east 
of Orlando, Or~nge County, Florida. The vegetation of the study 
grids was described in Stout and Demmer (1982). Grids C and E of 
this study correspond to grids E and L of Stout and Demmer (1982). 
Sand pine (Pinus clausa) formed a discontinuous canopy over a dense 
shrub layer of oaks (Quercus spp.), lyonia (Lyonia ferruginea) and 
saw palmetto (Serenoa repens). Leaf litter and patches of Cladonia 
spp. comprised the ground cover. 
Each grid consisted of 94 trap stations with one trap_ per 
station. Fifty-two ground traps were arranged in eight rows and seven 
columns (corners were not used) and spaced at intervals of 10 m. An 
additional 42 elevated traps were centered between sets of four 
ground traps and placed in shrubs and trees at heights of either 0.5 
or 1.0 m (heights alternated along the row). The elevated traps 
were placed on wooden shelves wired in place. 
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Sherman live traps were set biweekly in the late afternoon and 
checked the following morning. The traps were provided with cotton 
bedding and were baited with oat £lakes. Each animal caught for the 
first time was ~agged with a numbered Monel fingerling eartag. Tag 
number, capture site, and weight t0 the nearest 0.1 g (using a Pesola 
scale) were recorded for each capture. Breeding condition was 
determined for males by testes position (abdominal or descended) &nd 
for females by vulva condition, vaginal perforation, mammary 
condition and obvious pregnancies. 
Experimental Design 
The experiment was designed to compare small mammal populations 
on two similar areas treated as replicates. Mammal populations were 
monitored from April 1981 until May 1983 on grids C and E. Food was 
augmented on grid E from April 1982 through March 1983, while grid C 
served as a control. Sunflower seeds were made available in twelve 
wooden feeders; each of which had four entry holes (2.2 cm in dia-
meter) designed to exclude animals larger than Perornyscus. I 
assume larger animals were excluded because one flying squirrel was 
found dead with its head lodged in an entry hole of a feeder. 
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Feeders were 0.44 m x 0.26 m with an inside volume of 0.0035 m . Six 
were placed on the ground and six were wired onto trees or shrubs at 
heights of 1.0 - 1.5 m. Seeds (about 300 g) were added at 10 - 14 
day intervals. Sunflower seed husks remained in feeders as evidence 
of consumption. 
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Sunflower seed consumption per day was determined for wild 
caught P. gossypinus, O. nuttalli, and G. volans in the laboratory. 
P. gossypinus consumed 32.5 seeds/ day (n=8), O. nuttalli took 23/ day 
{n=l2), and G. volans consumed 88.3/day {n=8). I believe that during 
the food year a minimum of 24,000 seeds/ 14 days was available to the 
mice. 
In March 1983, traps on the experimental grid were baited with 




Minimum numbers known to be alive (MNA) of P. gossypinus were 
highly variable on grids C and E over the period of study {Fig. 1). 
Numbers on grid C peaked in November 1981 (4/0.52 ha) and remained 
high relative to grid E through January 1982. In February 1982, 
there was a slight increase in P. gossypinus on grid E just prior to 
food supplementation. After food was added to grid E, numbers of 
P. gossypinus increased to a high of 6/0.52 ha in June while numbers 
on the control stabilized at 3/0.52 ha. Few captures were made from 
August through November 1982 on either grid. The MNA for grid E 
began to rise in November and remained above that found on grid C for 
the duration of the study. 
The MNA of O. nuttalli ranged from 3-5/0.52 ha on grid E from 
April through July 1981 (Fig. 2). Numbers on grid C were lower 
during the same period. Few captures were made on either grid 
during the summer months. Two to four O. nuttalli were present on 
grids c and E from November 1981 until food was added to grid E in 
April 1982. Thereafter sinilar MNA were reflected on the grids with 
the exception of May and December 1982 when grid E supported more 

























































































































































































































































































































































































Densities of G. volans remained higher on grid C than on grid E 
for almost the entire study (Fig. 3). The MNA on grid C during the 
food year ranged from 3-6/0.52 ha. In contrast, MNA on grid E 
varied from 0-2/0.52 ha and indicated a lack of response to the 
supplementary food available to the mice. 
Numbers of individuals of P. gossypinus captured on grid C 
declined slightly during the food year (Table 1), whereas the 
population with added food experienced a three-fold increase relative 
to the preceding year which was significant at p< 0. 01. The 
difference in total numbers of individuals captured between grids 
during the food year was signi£icant at P< 0.01 as well. 
The number of individual O. nuttalli captured showed little 
change between years for either grid (Table 1). Numbers of 
individuals were slightly higher on grid E during the control and 
food years as compared to grid C, but there was no marked response to 
the supplementary food by this species. 
!:._. floridanus appeared rarely on grids C (n=2) and E (n=7) 
(Table 1), although the habitat was apparently suitable for their 
presence. Five individuals were captured on grid E while supple-
mentary food was available, whereas none were captured on grid C. One 
pregnant female was observed in a feeder, but the added food did not 
result in an established population on grid E. 
G. volans, which by its larger size was prevented from direct 






























































































































































































































































































































































































































































































































































(14-15/year) than on grid E (6-7/year) throughout the study (Table 
1) • The two grids differed significantly at p < O. 01 in numbers of 
individual flying squirrels captured. 
Body Weights 
Mean body weights were calculated for males only to avoid 
unobserved pregnancies in females. 
Weights of male ~· gossypinus increased significantly between 
years on grid C (t= -2. 8, p < 0. 005) (Table 2) • Weights on grid C 
were significantly higher than those on grid E (t= 3. 47, p < 0. 005) 
during the food year. Weights on grid E were not significantly 
different between years. 
Weights of o. nuttalli {Table 2) were significantly higher on 
grid E relative to grid C for both years (control year- t= -1.5, 
p < O .1; food year- t= -2. 27, p < 0. 025) •. Weights were similar 
between years on both grids. 
Mean weights for G. volans increased during the food year 
relative to the control year on both grids (Table 2). The small 
sample size for grid E precluded statistical comparisons. 
Survival 
survival rates for males and females were determined by the 
inverse proportion of animals known to be alive in one trap session 







































































































































































































































































































































































































































































Survival of male and female P. gossypinus on grid C increased 
an average of 0.22 in the food year relative to the control year 
(Table 3). Only one female appeared on grid E during the control 
year and she did not survive, but male survival on thi~ grid (0.60) 
was comparable to that on grid C (0.59) during the control year. 
During the food year, survival of males (0.36) and females (0.35) 
on grid E was much reduced relative . to the males (0.74) and females 
(0.86) on grid c. 
o. nuttalli on both grids showed · greater survival rates during 
the food year than during the control year (Table 3). Survival for 
males on grid E (0.97) was slightly higher than that on grid C (0.86). 
Female survival on grid E increased from 0.50 to 0.80 between years; 
females on grid C showed a more modest increase from 0.76 to 0.86. 
Survival of female G. volans increased on grid C from 0.76 to 
0.95 between years (Table 3). Male survivorship between years was 
unchanged on grid c. Survival of male (0.88 vs 0.73) and female 
(0.86 vs 0.78) G. volans decreased between years on grid E. 
Presumably, this species did not have access to the added food. 
Reproduction 
Females with enlarged mammaries, perforate vaginas, or a 
notched or open symphysis pubis were considered to be reproductively 
active. Slight differences in the number of breeding females were 
observed between years on grid C (Table 4). The number of breeding 

































































































































































































































































































































































































































































































































































































(1 vs 5) on grid E and 0. nuttalli (2 vs 5) on grid E; however, 
numbers were low and the trend may not be related to the added food. 
The capture of individual P. gossypinus or o. nuttalli in 
juvenile pe~age was considered direct evidence of reproductive 
success. Few juveniles of !:_. gossypinus were captured on grid c in 
the control (n=l) or food year (n=2). Single juveniles of o. 
nuttalli were taken each year on grid C. The number of juvenile 
P. gossypinus increased between years (1 vs 4) on grid E. However, 
no o. nuttalli were observed on grid E during the period when food 
was added; three were captured during the control year. 
Dispersal 
Adults, subadults, and juveniles were distinguished on the basis 
of pelage although some error may have been introduced in separating 
adults and subadults. We have classified new captures of adult and 
subadult P. gossypinus and O. nuttalli as iITLmigrants and have 
assumed that juveniles were born on the grid on which they were 
captured (Dueser et al., 1981). 
The number of immigrants clearly increased with added food for 
P. gossypinus (Table 5) as 23 new animals were captured during the 
food year on grid E in contrast to 7 during the control year on this 
grid (X2= 8.5, p< 0.01). This high number of immigrants may help to 
explain the lower calculated survival rate on this grid. In contrast, 
immigration appeared to be greater during the control year (n=l4) 




































































































































































Immigration of 0. nuttalli differed slightly between years on 
grids C and E (Table 5). More O. nuttalli appeared on grid Ethan 
on grid C in both years. 
Few intergrid movements took place as 70 m separated the two 
sites. Two movements of P. gossypinus occurred fro~ grid E to grid 
c, one during the control year and one during the food year. One P. 
gossypinus did move onto grid E during the food year from grid c. 
Three out of four G. volans movements were from grid E to grid c. 
Three traplines (10 Sherman traps/line) were established in 
similar habitat near the grids in February 1983, in an attempt to 
catch dispersing animals. The lines were located approximately 
50 m south, 300 m northwest, and 250 m north of grid E. Twenty 
captures occurred in 210 trap-nights. .Two of these animals were 
captured twice. One P. gossypinus was trapped on grid E one day 
before it was captured on the trapline where it had initially been 
trapped. No other emigration from the grids was detected. 
Sex Ratios 
The ratio of males to females was calculated for each year by 
including each individual only once in a given year. Sex ratios for 
P. gossypinus (Table 6) during the control year indicated a greater 
number of males than females on both grids (C- 8:7; E-9:2) which 
2 was significant for grid E (X = 4.45, p <0.05). During the food year 
males were significantly more abundant than females on both grids 
2 2 




















































































































































































































































The sex ratios for O. nuttalli differed between grids for both 
years (Table 6). During the control year, females (6) outnumbered 
males (4) on grid c, but on grid E there were more males (11) than 
females (6). The situation was reversed during the food year with 
a significantly larger number of females (12) on grid E (X2=2.88, 
p ~o.l) relative to the number of males (5) found there, and on 
grid C, there were slightly more males than females (7:6). 
Populations of G. volans had at least as many males as females 
(Table 6). Sex ratios were 1.0:1.0 for both years on grid C. 
Throughout the study, males outnumbered females on grid E. 
Movements 
Movements were estimated as the mean distance between captures 
for all animals trapped three or more times (Brandt, 1962; Wolfe, 
1968) • Mean distance between captures appeared to decrease between 
years for both P •. gossypinus (20 m vs 12 m) and O. nuttalli (33m vs 
17 m) on grid E (Table 7). However, on grid C there was no 
significant change between years for either species. Movements 
appeared to be longer for G. volans on grid E as compared to grid C 




































































































































































































































The overall impression of the experimental results is that food 
augmentation led to very little demographic or community structural 
changes. However, examination of results for individual species does 
reveal some important differences. For example, densities of P. 
gossypinus evidenced a modest increase in the period May-June 1982 
and again in December-March 1982-83. These increases were not 
observed on either grid in 1981-82 prior to adding food. The late 
summer-fall reduction in MNA occurred on both grids in both years. 
I believe an abundance of natural foods, irrespective of added food, 
reduced trappability during this several week period. 
The number of individual P. gossypinus observed on grid E during 
the food year was three times (11 vs 30) that of the control year. 
Twenty-three of these animals were first observed in either sub-
adult or adult pelage and were classified as immigrants. Thus 
immigration to the food grid was increased relative to the control 
(31 vs 9). Efforts to determine the source of these i~migrants 
were unsuccessful as only a single ani~al (1 of 17) tagged off the 
study grids was recaptured on the grids. No animals first tagged on 
grid C later moved to grid E. These results suggest that immigrants 
that appeared on the grids had moved several hundred meters. 
Gilbert and Krebs (1981) observed one case in which 44% of a 
25 
population increase by P. maniculatus on a food supplemented grid 
could be accounted for by immigration. Other food supplementation 
experiments have resulted in increased immigration (Flowerdew, 1976; 
Taitt, 1981). 
The lower survival of P. gossypinus in the presence of 
supplementary food appeared to be an artifact of the high turnover 
of the population. Layne (1974) found male P. gossypinus remained 
in the trappable population an average of 1.5 months and 2.0 months 
for females. Disappearance may be accounted for by either mortality 
or emigration and I can not identify which factor was more important 
in my study. Low survival may reflect a negative trap response 
in the presence of added food (Smith and Blessing, 1969; Teska, 1980). 
Because my feeders were emptied of sunflower seeds without 
additional captures of rodents, I feel this may have been a factor. 
Further, caching of sunflower seeds may have reduced overall 
activity and therefore the capture success. Caching has not been 
reported for either P. gossypinus or O. nuttalli; however, one P. 
gossypinus did cache in the laboratory. 
In March 1983, traps on grid E were baited on two occasions 
with sunflower seeds to evaluate trap response. The first effort 
yielded no change in capture success. The second trap session with 
sunflower seeds resulted in the highest capture success of the 
entire study (5 P. gossypinus). Thus, I conclude that MNA under-
estimated the abundance of P. gossypinus on some occasions. 
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Terman (1968) indicated fall populations of ~· gossypinus varied 
from 3.7 - 12.8/ha. Layne (1974) found densities of 0.25-7.0/ha 
were typical for P. gossypinus in pine flatwoods of Florida. 
Average MNA for the food grid was 4.1/ha with periods when up to 
13.4/ha were present. Average MNA on the control grid was 2.07/ha 
during that year. Thus, numbers of P. gossypinus in the sand pine 
scrub were enhanced by the added food relative to the unfed 
population. Teska (1979) increased densities of P. gossypinus on 
pine plantations with added sunflower seeds. 
Males of P. gossypinus did not show evidence of increased body 
weight on the food grid. This is contrary to results with P. 
rnaniculatus (Fordham, 1971; Taitt, 1981) and ~· leucopus (Hansen 
and Batzli, 1978) in which males increased in body weight. 
I found no evidence of enhanced reproduction by P. gossypinus 
on the food supplemented grid. Fordham (1971) and Taitt (1981) 
reported a greater reproductive effort by P. rnaniculatus in the 
presence of supplementary food. 
Horne range of P. gossypinus decreased when food was added as 
measured by variation in the mean distance between successive 
recaptures. Movements of P. rnaniculatus (Taitt, 1981) and Tamias 
striatus (Mares et al., 1976) were reported to be reduced in the 
presence of added food. 
Specific d~ographic variables of o. nuttalli showed little 
change in response to the added food. I know that O. nuttalli 
consumed sunflower seeds, for it appeared in the feces of captured 
27 
individuals. Nevertheless, MNA did not increase. The MNA may have 
underestimated abundance, nine individuals were taken in the second 
March 1983 sample when sunflower seeds were used for bait on grid E. 
Pearson (1953) trapped o. nuttalli in Florida hardwood forests and 
reported 8/9 acres as the highest density of this species. Average 
MNA for grid E was 6.05/ha during the food year with a maximum MNA 
of 17.3/ha. Alth~ugh the experimental population maintained a 
higher weight than the control throughout the study, weights did not 
differ between years. Survival was enhanced for males, but repro-
duction did not increase. Home range size decreased in response to 
added food. Immigration of o. nuttalli did not increase between 
years. It appeared that some form of density-dependent regulation 
took place, because densities were very similar between years. 
Teska (1978) reported little to no change in densities of 0. nuttalli 
on food supplemented study areas. 
P. floridanus (n=2) appeared on the experimental grid prior to 
the added food. Despite evidence of sunflower seeds in their diets, 
these animals disappeared during the summer. Three new individuals 
appeared during the fall and winter but also disappeared after 
several weeks. Why P. floridanus disappeared is unclear because the 
species was abundant on both sites from 1973 to 1976 (Stout, 1976; 
Stout, personal communication). 
G. volans, restricted by its size from direct access of the added 
food, maintained much ~igher densities on the control than on the 
28 
experimental grid. This was probably due to their extremely arboreal 
nature and the more highly developed tree canopy on the control site. 
Our inability to increase densities two-fold as predicted by 
Gilbert and Krebs (1981) along with similar failures by Hansen and 
Batzli (1979), Krebs and Delong (1965), and Abrarnsky (1978) suggest 
that although food may be limiting periodically, it is not the 
primary factor regulating small mammal populations. I feel that 
predictions for all habitats and all feeding guilds can not be made 
with available evidence. Temporal and spatial variations in 
natural food availabilities, intraspecific and interspecific 
population interactions, and site-specific conditions may preclude 
generalizations on food limitations. 
29 
CONCLUSIONS 
Three species of small mammals were expected to respond to added 
food, however responses by each of the species were different. 
A slight demographic response by P. gossypinus may have been 
correlated with added food. MNA and immigration increased during 
this period. Distances between captures decreased when sunflower 
seeds were available. Functional attributes, body weight and 
reproduction, were unchanged with augmented food. Thus, I conclude 
that food affected the dynamics of the population but not 
functional attributes. 
Added food did not alter MNA or dispersal of o. nuttallii 
however, survival was enhanced during the food year. Body weight and 
reproduction were similar between years. I believe that food was not 
a proximate limit~ng factor during the year studied. 
P. floridanus numbers were few and during the period of 
supplementary food, these animals were found only on grid E (n=S). 
The presence of sunflower seed was not sufficient to maintain the 
population, but it could have contributed to the settling for a 
short period by dispersing individuals. There was evidence of 
reproduction by this species (2 reproductively active females, 
1 juvenile), but I conclude that factors other than food must limit 
the species in this scrub habitat. 
30 
G. volans showed no evidence of sunflower seed consumption nor 
demographic response that could be attributed to the added food. 
Presumably, this species had no access to seeds within feeders, but 
could have benefitted from seeds which fell to the ground beneath 
feeders. 
Failure to demonstrate a dramatic response (i.e., increased 
MNA, reproduction, etc.) by the small mammals to the added food may 
have been due to an inadequate supply. This seems unlikely. Often 
uneaten sunflower seed remained in the feeders after 10-14 days. 
Further, there was no evidence of use by non-target animals, e.g., 
other mammals, birds, or ants. I conclude that the sunflower 
seed was available in quantities in excess of needs of the resident 
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SECTION II 
NATURAL FOOD AVAILABILITY AND RODENT DIETS 
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INTRODUCTION 
Seasonal and yearly fluctuations in small mammal populations may 
be associated with variations in natural food availability. Numbers 
of forest dwelling rodents have been correlated with fluctuations in 
mast crops (Watts, 1969; Hansson, 1971; Jensen, 1982). Havera and 
Nixon (1980) reported that in winters of low mast and severe weather, 
squirrel populations may experience unusual declines or show poor 
overwinter survival. Janzen (1976) has reasoned that the masting 
habit in plants is an adaptation which satiates predators with more 
seeds than they can consume thereby insuring greater survival of the 
seeds. Boucher (1981), working with Quercus oleoides, found that in 
locales where the acorn crops satiate seed predators, acorn sur-
vivorship until germination is high enough to maintain the population. 
Because masting is not observed annually in most plant species, 
rodents in particular years may be food limited (Silvertown, ' 1980). 
Investigation of food limitation of rodents has followed two 
general approaches: bioenergetics, in the context of ecosystem 
energy flow, or direct manipulation of food resources. Gorecki and 
Gebczynska (1962) studied diets and seasonal availability of plant 
foods of bank voles (Clethrionomys glareolus) and field mice 
(Apodemus flavicollis) to determine if food limited numbers of small 
mammals. They concluded the limitation could not be related directly 
to food availability. Jensen (1981) reached the same conclusion with 
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respect to these species. However, Jensen admonished that if specific 
components of primary productivity were selected by rodents, 
limitations might be realized. Ryskowski and French (1982) provided 
a summary of the recent literature on the consumption of primary and 
secondary productivity of terrestrial ecosystems by small mammals. 
They reported that small mammals take 4-38% of the annual primary 
productivity. Consumption of available secondary productivity varied 
from. 2-96% among grasslands. Thus, the bioenergetic approach does not 
support the concept that small mammals are food limited. 
The direct manipulation of small rodents by food supplementation 
was first attempted by Bendell (1959). He succeeded in increasing 
densities of Peromyscus leucopus novaboracensis with added food. A 
plethora of studies have now attempted to test this hypothesis by 
monitori.ng the demography of populations with and without supplementary 
food (e.g., Hansen and Batzli, 1978; Taitt, 1981; Fordham, 1971). 
Fluctuations in natural food availability and the actual foods con-
sumed by small mammals during an experiment are not well documented 
except for studies by Abramsky (1978) and Hansson (1971). Therefore, 
results, either positive or ~egative, are subject to criticism. 
The purpose of my study was to document seasonal availability of 
natural foods concurrent with a food supplementation experiment. 
Further, I attempted to identify the foods consumed by small rodents 
found on the study area that received supplementary food as well as 
foods used on an adjacent control area. The demographic response of 




The de~ographic responses and diets of small rodents, Peromyscus 
gossypinus (cotton mouse), Ochrotomys nuttalli (golden mouse), and 
Glaucomys volans (flying squirrel), subjected to a food supplementation 
experiment were observed for 12 months on two 0.52 ha grids in sand 
pine scrub on the University of Central Florida campus located about 
17 km east of Orlando, Orange County, Florida. The vegetation of the 
study grids (C and E) was very similar in species composition, 
physiognomy, and relative abundance of plant species (Stout, 1975; 
Stout and Demmer, 1982; Stout, personal communication). Sand pine 
(Pinus clausa) with an average dbh of 23.6 cm formed a discontinuous 
canopy over a dense layer of sand live oak (Quercus virginiana), 
myrtle oak (Q. myrtifolia) and Chapman's oak (Q. chapmanii). The 
density of oak stems was 2.2/m
2 
on grid C and 2.3/m
2 
on grid E. 
2 
Rusty lyonia (Lyonia ferruginea) occurred on grids C (0.33/m ) and 
E (0.27/m2 ) as a dominant shrub. Saw palmetto was also present 
(grid c - 0.28/m2 ; grid E - 0.30/m2 ). The ground cover consisted of 
a deep leaf litter, patches of Cladonia evansii and C. subtenuis, and 
scattered individuals of the sedge Rhynchospora megalocarpa. 
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Mammal Trapping 
A complete account of the trapp~ng methods and experimental 
de~ign is found in Young (Part I). Sherman live traps (94/grid) were 
set biweekly in the late afternoon and checked the following morning. 
Individually tagged animals were processed to gather standard demo-
graphic data and released immediately. Feces were collected from 
animals at the time of capture and analyzed in the laboratory. Traps 
were carefully cleaned after each capture. 
Natural Food Availability 
Two natural food groups, insects and oak mast, were monitored 
during food supplementation and diet analyses. Insect relative 
abundance was measured in two ways on each grid. In the first 
method, yellow, plastic coffee can lids (15.5 cm diameter) painted 
with sticky Tacktrap were placed on the ground (20) and in the 
vegetation (40). Insects were allowed to accumulate on the sticky 
traps for 5 days for each monthly sample. Insects were divided into 
size classes of 0-0.99 mm, 1.0-4.99 mm, 5.0-9.99 mm, and greater than 
10 mm. Identification was to the order. For the second method, ten 
pit fall traps (# 10 cans) on each grid were buried flush with the 
surface. These unbaited traps were monitored 5 days each month for 
captures of ground dwelling arthropods. 
Thirty small trees on each grid were chosen for acorn counts, 10 
each of Quercus rnyrtifolia, Q. ·chapmanii, and Q. virginiana. Each tree 
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was marked with an aluminum tag and measured for height and diameter. 
One branch that possessed 5 or more acorns was arbitrarily selected 
for acorn counts in June. Two subsequent counts, in August and 
October, were made on each tree to determine the number of acorns that 
remained over a 4-month period. 
2 
In December 1982, twenty 1 m plots 
were selected at random on each grid and searched for acorns. Those 
found were categorized as: rodent damaged, insect damaged, viable, 
very small, and caps only. 
Study grids were routinely visited several times each week 
throughout the year. Notes were maintained on the flowering and fruit-
bearing periods of all plants present on the grids. These data were 
not qualified beyond an expression of relative abundance. 
Diet Analysis 
Feces of captured rodents were frozen until processed. Two 
slides were made from each fecal sample. The feces were ground, 
heated in Hertwig's solution (Baumgartner and Martin, 1939), mounted 
0 in Permount and dried for 3 days at 55 C. A sample of plants (bark, 
buds, flowers, fruit, etc.) on the areas was made and slides were 
prepared in the same manner as the fecal samples. Twenty fields were 
randomly chosen from each slide of fecal material and cover for all 
f~agrnents at lOOx was determined with an ocular grid. Cover was 
estimated to the nearest half-unit with at total of 20,000 units for 
each sample. Relative percent cover was used to compare diets of a 
species within a given season. The year was divided into seasons as 
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follows: spring (March, April), summer (May through November), and 
winter (December through February). Food items were categorized as 
follows: seeds (remains of endosperm, exosperm, and testa), flowers 
(predominately dicots), fruits (pericarp, exocarp, and endocarp), 
lichens, fungi {spores with hyphae), arthropods (clearly identified 
parts of coleopterans, arachnids, thysanopterans, lepidopterans, and 
orthopterans), sand pine staminate cones with pollen, nonreproductive 
plant parts (leaves, stems, bark, and buds), and unidentified 
(unknown portions of animal matter and plant material). Sunflower 
seeds were treated as a separate seed category because these were 




A common component of small rodents' diets is insects, as 
revealed by chitin in their feces. I believe that insects greater than 
5.0 mm in body length would be those preferred as prey. Monthly 
trends for this size group captured on sticky traps are shown in Fig. 
4. Numbers of insects greater than 5.0 mm that were captured were 
similar on both grids for most months. Highest numbers were recorded 
in May and July, with lowest numbers in February. Captures from pit 
fall traps were ins_ignificant. 
For both grids and for all size classes together (Appendices 3 
and 4), the greatest number of insects was found during December due 
to a superabundance of springtails (Collembola). July ranked second 
with a large number of dipterans and other groups 1-4.9 mm in length. 
Acorn Counts 
Oaks examined in June 1982 supported large numbers of developing 
acorns. Myrtle oak acorns were most abundant with mean counts of 30.l 
and 39.0 per branch on grids C and E respectively (Fig. 5). Numbers 
for myrtle oak represented acorns maturing in 1982 inasmuch as this 
species has a two-year maturation period for its acorns (data for the 






















































































































































































































































































Fig. 5. Mean numbers of acorns per branch on Quercus myrtifolia 
(open) , Q. chapmanii ( di.agonal} , and Q. virginiana (black) in June, 
August, and October 1982 
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of acorns on the branches from June to August differed among the 
species. Chapman oak retained 34% of its acorns on grid C and only 
22% on grid E. Sixty-seven and 53% of the live oak acorns persisted 
on the branches between June and August on grids E and c. Myrtle 
oak survived best on grid C (63%) and poorly on grid E (38%). Less 
than 8.0% of the acorns remained on the trees in October. 
An intrinsic bias exists in these data because it was necessary 
to select small trees for counting. The lower number of acorns for 
grid C probably underestimated the aGtual situation because several 
trees on grid C were larger than I could effectively count. Numbers 
for grid E are probably correct. However, tree size and the number 
of acorns did not appear totally dependent. Tree heights and 
diameters are given in appendices 1 and 2. 
Acorns on the ground were counted in December 1982. Only 2.4% 
of the 179 acorns discovered on grid C were intact or potentially 
viable; similarly, 1.1% of 264 acorns found on grid E were intact 
{Table 8). The percentage of acorns eaten by the rodents differed 
slightly between grids (30.6% on grid C and 24.6% on grid E). A 
larger percentage of small acorns that did not mature was found on 
grid E (36.4%) as compared to grid C (8.2%). 
~egetation 
The monthly variations in flowering and fruiting among species 
are illustrated in Fig. 6. The relative abundance of these species is 
denoted by the letter in parentheses. Reproductive activity was 
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Table 8. Status of acorns on the ground in December 1982 expressed 
as percent and the number of solitary caps 
Category Condition Grid C Grid E 
Acorns Intact 2.4 1.1 
Eaten by rodents 30.6 24.6 
D~aged* 58.8 37.5 
Very small 8.2 36.4 
N= 170 264 
Caps only N= 179 135 





























































































































































































































































































































































































































































































































































































































reduced in winter months with the exception of shiny lyonia (Lyonia 
lucida), garberia (Garberia heterophylla), rosemary (Ceratiola 
ericoides) and sand pine (Pinus clausa) . Staminate cones from sand 
pine were available in large quantities in the period January - March. 
Flowering reached a peak in March, April, and May when seven to nine 
species were counted. Oak catkins (Quercus spp.), and flowers of 
blueberry (Vaccineum spp.) and rusty lyonia (Lyonia ferruginea) were 
most abundant in this period. Up to 16 species produced flowers or 
fruits in June and July. Acorns were formed in May and matured 
through September. Flowering and fruit-bearing was sharply reduced by 
September. 
Diets 
Diet overlap between grids was measured by the index developed 
by Morisita (Horn, 1966). Intraspecif ic overlap between grids was 
reduced in summer for o. nuttalli (51.8%) and G. volans (75%) _(Table 9) 
relative to winter and spring. This observation was correlated with 
the period when ~egetative growth and arthropod abundance was 
available in the greatest variety (Figures 4,5, and 6). Overlap 
values were much ~igher in other seasons, over 95% for all three 
species during the spring and for O. nuttalli and G. volans during the 
winter. The winter comparison for P. gossypinus was perhaps spurious 
as only one sample was collected from grid C as compared to 11 samples 
from grid E. Because of the high overlap values between the pop-




























































































































































































































































Seasonal differences in the usage of various food types were 
compared by relative percent cover (Fig. 7). Nonreproductive plant 
parts (stems, leaves, bark, and buds) . formed the greater portion of 
the summer diet for G~ volans (38.9%) and P. gossypinus (30.1%). 
During this season, flowers, tarflower (Bef aria racemosa) and 
garberia (Garberia ·heterophylla), were common items in the diet of 
o. nuttalli. Pine pollen from the staminate cones of sand pine 
(Pinus clausa) was utilized by all three species during the winter 
but flowers, oak catkins (Quercus spp.) and lyonia (Lyonia ferruginea), 
dominated in the diets of all three species in the spring. Chitin from 
arthropods was evident thr~ughout the year, but was never a major item 
in the diet. Seeds and fruits were not important items in the diet of 
o. nuttalli. ~- gossypinus consumed a large portion of seeds, 
predominately acorns, in the summer. G. volans consumed seeds and 
frui.ts throughout the period of study, but these foods never formed 
a large percentage of their diet. 
Cover values (in ocular units) were used to express the actual 
amount of a food type in the fecal smears of a species regardless of 
other foods present. P. gossypinus consumed more seeds during the 
summer (76 units) compared to the other seasons (Table 10). Flowers 
were a major diet item only in spring (1115 units). Sterns, bark, and 
buds were significant food items during summer (177 units} but less 
important during other seasons. Leaves were never abundant in the 
diet but appeared with the greatest cover during summer (33 units). 




































































































































































































































































































































































































































































































































































































































unimportant at other times. The f~ngal component of the diet was not 
completely understood. Aside from mushrooms and ground stars 
(Geaster sp.), mold with spores and hyphae appeared in the diet and it 
was not known whether the animals selectively fed on the mold or ob-
tained it along with other food items. Cover of insect parts 
suggested the greater importance during the winter (54 units) than in 
other seasons. Pine pollen with staminate pine cones was observed in 
large amounts during the winter months only (568 units), corresponding 
to its natural availability. Unidentifiable fragments were more 
frequently found in the spring diet (214 units) than in the other 
seasons. 
O. nuttalli consumed the largest portion of seeds in its spring 
diet (36 units) although this category was never important in the 
overall diet (Table 11). Flowers were consumed throughout the year 
with highest cover recorded in spring {2114 units). The amount of 
chitin, representing arthropods in the diet, was slightly greater 
during the summer {79 units) than in Gther seasons. Sunflower seeds 
were eaten during all seasons, but in slightly greater amounts during 
the winter (24 units). Pine pollen with staminate pine cones was the 
major item for winter food (1002 units), but it was not taken (nor 
available) during the remainder of the year. Fruits and lichens were 
never abundant in the fecal samples examined. During the spring, 











































































































































































































































































































































































































The diet of G. volans was as variable as the other two species 
(Table 12). Cover of seeds peaked during the spring (340 units) 
relative to the other seasons. Flowers were the most important cover 
item during the spring (3797 units). Fruits of Serenoa repens (saw 
palmetto) were abundant in the diet during the summer only (215 units). 
Stems were consumed during all seasons except winter, predominating 
in the summer diet (505 units). Leaves were taken only during 
summer (136 units). Fungi were only 0bserved during the summer. 
Insects appeared in greater amounts in the diet during winter (234 
units). Staminate pine cones were the major item for their winter 
diet (1946 units). Unidentifiable components were always high in 
cover values especially during spring (506 units). Lichens and 
sunflower seeds never appeared in the fecal samples examined from 
this species. 
The mean number of food items in the diets did not differ 
significantly among the three species nor did it differ substantially 
between grids (Table 13). Sunflower seeds were included as a food 
item and presumably all animals on grid C and G. volans on grid E 
were restricted from this food source. The largest number of 
different food items selected by these species was during the summer, 
probably because of the increased variety in seeds and flowers 
available at that time. The fewest kinds of foods were selected 
during the winter when apparently all three species relied on 
staminate pine cones. The similarities between grids in the number 























































































































































































































































































































































































































































































































































overlap values between grids as well as my usage of combined 
grid data for diet analyses of these rodents. 
Resource overlap values between. species by season are presented 
in Table 14. Overlap values dur~ng the summer indicated that although 
a substantial portion of the diet of these three species was similar, 
there were differences between species. Highest similarities 
existed between the diets of P. gossypinus and G. volans on grid C 
(.935) and P. gossypinus and O. nuttalli on grid E (.925) during 
summer. The lower values for the other combinations during summer 
suggested that resources were more abundant and not shared as 
frequently. The values for winter and spring were higher, corres-
ponding to the high dependence by all three species on staminate 
pine cones during the winter and on flowers during the spring. The 
lowest values during winter were between P. gossypinus and the other 
species. It appeared that P. gossypinus was less dependent on the 
















































































































































































































































































































































































































































Food habit studies of nocturnal small mammals are constrained as 
to technique of analysis under the conditions of trap-recapture 
methodology. Fecal analysis, while less preferred than stomach 
analysis, is the only practical method available. Neal et al. (1973) 
have shown that this technique is fairly accurate although dicots and 
sedges can be underestimated. Quantification of results may be based 
on frequency or cover. Hansson (1970) critized the use of frequency 
because small and l~ge particles .may yield similar results. Percent 
cover of each food item appears to give a better indication of diet 
(Meserve, 1976; Van Horne, 1982). 
My results indicate that G. volans, P. gossypinus and O. nuttalli 
were omnivores with qualitatively similar diets especially during 
winter and spring. All three rodents fed on a large number of plant 
species and arthropods. These foods fluctuated in availability 
seasonally which is repeated in the rodents' diets. Reichman (1975) 
reported the same pattern in the diets of four species of Sonoran 
Desert rodents. 
The summer diets of the three species were quite variable, but 
all consumed in differi.ng amounts, a .large number of the plant species 
available. o. nuttalli consumed mostly flowers and sterns for 64.3% 
of its diet and arthropods for 17.4%. P. gossypinus fed upon sterns 
(30%) and arthropods (18.7%). Calhoun (1941), in the only known food 
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study of P. gossypinus, found that 68% (based on percent occurrence) 
of its summer diet was composed of arthropods. G. volans took non-
reproductive plant parts (stems and leaves) for 49.4% of its diet 
with minimal consumption of flowers or arthropods. Calhoun (1941) 
reported that two G. volans stomachs contained 60.5% animal matter. 
This difference could be due to the small sample size of his study or 
the differences in locales (Florida vs Tennessee). The observed seed 
component of the diet was small in comparison to acorn availability. 
By December 1982, 24-30% of the acorns found on the ground had 
definitely been consumed by rodents. The large number of acorn caps 
without the seed suggest that even more were consumed or cached by 
rodents. I suspect that the main portion of the unidentified com-
ponents duri.ng this season was seed endosperm and animal matter. In 
laboratory trials with known amounts of consumed sunflower seeds and 
coleopterans, .04% of the seeds was recognized in feces and 36% of 
the coleopterans' cover was recognized. 
The winter months were most limiting in terms of food available 
for small mammals, yet highest numbers were present at that time 
(Young, Part I). Only Garberia heterophylla and Lyonia lucida flowered 
during this season. Staminate pine cones littered the ground and were 
the mainstay in the diets of all three species. P. gossypinus 
consumed less pine cones and associated pollen relative to the other 
species but fed on fungi for 22.9% of its diet. Whitaker (1966) 
reported that the fungus Endogone was a substantial part of P. 
maniculatus' diet and Calhoun (1941) found this to be true for P. 
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gossypinus. G. volans consumed a greater amount of insects, in terms 
of cover, dur~ng the winter · but this did not constitute a large 
percentage of its overall diet. Arthropod availability, based on 
sticky trap captures, was greatest dur~ng the summer months. 
Whitaker (1966) suggested that high insect consumption during winter 
could be due to insects seek~ng warmth in rodent burrows or nests. 
Spring diets of the three species were predominated by oak 
catkins (Quercus spp.) and lyonia flowers (Lyonia ferruginea). P. 
gossypinus consumed 66.6% flowers compared to 82% for 0. nuttalli and 
80% for G. volans. However, P. gossypinus relied on arthropods (13.6%) 
more than did the other two species. 
From these diet analyses, food availability during the summer 
(May - November) apparently was not a critical problem for these 
rodents. The high dependence on staminate pine cones during the winter 
(December - February) suggested that these species may be forced to 
narrow their diet and consume less than optimal food. These findings 
are the reverse of predictions by Emlen (1966) who suggested that 
animals will feed most efficiently .if they accept all potential food 
items when food is very scarce, but show greater and greater 
selectivity as food becomes more common. In the laboratory, 28 
animals (12 O. nuttalli, 8 ~- gossypinus, and 8 G. volans) were given 
staminate pine cones with pollen, sunflower seeds, and fresh veg-
etation. No animals consumed the cones when alternative foods were 
available. I feel that the large amounts of pine pollen in the diet 
reflected low availability of alternative foods. Although the animals 
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consumed large amounts of flowers during spring, other foods were 
available. All three species readily consumed flowers in the 
laboratory despite other foods being available. 
Although overlap indices indicated similarities in seasonal 
diets, each species' diet had some trophic peculiarities. Some 
dietary differences may be explained by the microhabitats exploited 
by each species (Reichman, 1975; Brown and Lieberman, l973) • Spatial 
partitioning of the environment may be one of the factors permitting 
coexistence of these species in spite of diet similarities. In my 
study, ~- ·gossypinus chose ground traps more frequently than elevated 
2 
traps (X = 14.95, p < O.Ol). G. volans, a cavity nester, was 
2 . 
extremely arboreal preferring elevated traps (X = 50.3, p < 0.01). 
However, O. nuttalli appeared to use both trap heights similarly 
2 
(X = 0.94, NS). Gentry et al. (1968) and Pearson (1953) s~ggested 
that p. gossypinus may inhibit terrestrial movements of O. nuttalli. 
Preferences for seeds and arthropods in addition to flowers might be 
related to the more terrestrial habit of P. gossypinus, whereas O. 
nuttalli relied primarily on flowers and sterns when available~ 
62 
CONCLUSIONS 
From my diet and de~ographic analyses I concluded: 
1. All three species are omnivores, and consume foliage, seeds, and 
arthropods. 
2. There was considerable overlap in the diets. High overlap may 
result when food is never scarce enough to lead to divergence 
(Pianka, 1974). 
3. Regardless of the season and the supplementary food, the diets were 
composed of several items. Greater variation in interspecific 
diets was expressed during the summer. The food spectrum utilized 
by the species was not qualitatively changed by the provision of 
supplementary food. 
4. Availability of natural food accounted for prevalence of diet items. 
5. All species were arboreal, in differing degrees, rendering foraging 
space three-dimensional. 
6. The additive effect of sunflower seeds (natural foods plus quantity 
and/or quality of sunflower seeds) was not sufficient to result in 
measurable changes in body weights of ~- gossypinus or O. nuttalli; 
slightly more reproductive females (~. gossypinus and O. nuttalli) 
were observed duri_ng the food year relative to the control (Young, 
Part I). 
7. Food influenced structural characteristics of the population of P. 
gossypinus (numbers and inunigrants increased). 
63 
8. Food increased survival of O. nuttalli, but not MNA or dispersal. 
9. My experiment s~ggested that consideration be made of multi-
factor regulation of small mammal populations in sand pine scrub. 
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